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Abstract: In-situ stress measurement for deep reservoir formation is difficult in terms of security, reliability and technique. 
Acoustic velocity anisotropy test is a basic method for stress measurement of rock cores, which is based on the distribution of 
acoustic velocity in different directions around rock cores. The heterogeneity of core samples, such as fractures and gravel 
contained, can also lead to wave velocity anisotropy. Therefore, the corresponding reliability evaluation method is established to 
exclude some other anisotropy factors caused by non-tectonic stresses. In this paper, the reliability of testing results is evaluated 
from three aspects, i.e. phase difference, anisotropy index and waveform, to remove the factors caused by non-tectonic stresses. 
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1  Introduction  
The methods for in-situ stress measurement in deep 
reservoirs are divided into four types according to 
reservoir information characteristics and different 
exploration and development stages, i.e. stresses 
interpretation by log data, measurement for rock cores 
in laboratory [1, 2], interpretation by the 
mini-fracturing tests on the spot, and analysis of 
geological data [3]. These four types of methods are 
always used in combination with the analysis of in-situ 
stresses to evaluate the stability of reservoirs.  
In-situ stress measuring methods for indoor rock 
core tests include circumferential velocity anisotropy 
(CVA), pale magnetism, differential strain curve 
analysis (DSCA) and anelastic strain recovery (ASR) 
[4]. Among these, the CVA is the primary method for 
core stress measurement, which can be easily operated 
compared with other methods. On the other hand, this 
method requires the original cores should be 
homogeneous and isotropic. The heterogeneity of core 
samples, such as fractures and gravel contained, can 
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also lead to wave velocity anisotropy, causing 
unreliability of testing results. In this paper, an 
evaluation method is built to exclude the anisotropy 
factors caused by non-tectonic stresses, and the 
corresponding reliability evaluation method is 
developed.  
The rocks in deep formations are in triaxial stress 
state. The rock cores will undergo stress release when 
separated from the stressed rock masses. During the 
process of stress release, many micro-fissures are 
generated. It is commonly regarded that the 
development of micro-fissures is originally related to 
stress state. The micro-fractures caused by stress 
release are in accordance with the direction of the 
maximum horizontal compressive stress (max, as 
shown in Fig.1) [5, 6]. 
 
 
 
 
 
 
 
 
 
Fig.1 Distribution of micro-fractures caused by stress release. 
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The micro-fractures are filled with air after stress 
release, and the difference between wave impedance 
of rocks and that of the air is great. Therefore, the 
acoustic wave velocity at core circumference is 
different, and the anisotropy is evident. The wave 
velocity in the direction of the maximum horizontal 
compressive stress is the smallest, while the wave 
velocity is the largest in the direction of the minor 
principal stress [7]. 
 
2  Measuring method and reliability 
analysis 
 
2.1 Distribution of circumferential wave velocity 
In order to obtain the distribution of circumferential 
wave velocity of rock cores, the distribution of 
micro-fractures in the rock cores caused by stress 
release is simplified. Only one single fracture is 
considered, as shown in Fig.2. 
 
 
 
 
 
 
 
 
 
Fig.2 Simplified distribution of micro-fracture caused by stress 
release. 
 
It is assumed that V  is the velocity of wave 
through the profile AB. Then the wave velocity can be 
obtained as follows:  
f mV V V                               (1) 
where fV  and mV  are the acoustic wave velocities 
in fracture and matrix, respectively. The acoustic wave 
velocities in various media are composed of the 
following parts: 
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where D is the diameter of the rock core; W is the 
width of fracture; and mt  and ft  are the travel times 
of acoustic wave velocity in fracture and matrix, 
respectively, which can only be obtained by tests. 
Equation (2) shows that the circumferential acoustic 
wave velocity of rock cores conforms to the cosine 
function distribution.  
Based on the distribution of acoustic wave velocity 
in different orientations, combining with the regression 
results obtained by Sayers [7], the distribution of 
micro-fractures caused by stress release can be 
deduced. Then, Eq.(2) is rewritten as follows [8, 9]:  
avg( ) cos(2 ) cos(4 )V V A B               (3) 
where avgV  is the average acoustic wave velocity,   
is the phase angle, and   is the deviation angle. 
The phase angle   is an offset angle in order to 
make sure that 2   0 at the very point, and then 
the value of ( )V   can reach the maximum. The 
coefficients in Eq.(3) can be calculated by the 
regression method. When the curve is moved to get 
the key point, Eq.(3) can be rewritten as  
0 1 1 2 2y b b x b x                             (4) 
where 1cos(2 ) x  , 2cos(4 ) x  , avg 0 1, ,V b A b   
2 ,B b V y  . 
Assuming that the number of total testing points is n, 
based on the least squares method, we can get  
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Moving the terms containing y from one side of the 
matrix equations to the other side, Eq.(6) can be 
rewritten as 
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According to Eq.(7), we can calculate the 
coefficients 0b , 1b  and 2b . 
2.2 Testing method of CVA 
In order to get the fitting curve, the acoustic wave 
velocity at the profile of rock cores with regular angle 
intervals was tested. It is found that the reliability of 
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testing results at each angle interval of 15 is good, 
which means that there are too many testing points if 
the angle interval is smaller than 15 and the testing 
process will be complex and costly. On the other hand, 
few testing points could result in that the curve trend is 
not easy to be captured. Finally, the corresponding 
software was developed.  
2.3 Reliability evaluation method 
Reliability evaluation method of CVA was built 
based on the fundamental theory and testing method. 
The practices show that the reliability of measurement 
results can be evaluated according to the following 
aspects [8–10]: 
(1) The testing curve is described as a sinusoidal 
one in a two-dimensional Cartesian coordinate system, 
in which the horizontal axis is the phase angle and the 
vertical axis is the acoustic wave velocity.  
(2) The acoustic wave velocity anisotropy index, A, 
is defined and expressed as follows: 
max min avg( ) / 100%H HA V V V                   (8) 
  It is required that the value of A must be larger than 
30%. Because too small values make the testing points 
concentrated in a limited area, which will lead to the 
limitations that the trend of fitting curve is not obvious 
and the reliability of measurement results cannot be 
guaranteed.  
(3) The difference of phase angle between the 
maximum and minimum velocities should be close to 
90, which can be illustrated by Eq.(3).  
 
3  Case study 
 
Gu block 88 of Daqing oilfield is located at the 
central Gulong depression. In order to obtain the 
in-situ stress state in this block, the acoustic wave 
velocity anisotropy of rock core is studied and the 
reliability of results is evaluated in this paper. 
Table 1 lists the testing results of acoustic wave 
velocity anisotropy of rock cores in wells Gu87 and 
Gu88, respectively, and the testing interval is 15. 
Figure 3 is the reliability evaluation curves. 
Discreteness of the testing points in Fig.4 is larger 
compared to that in Fig.3, which is common and 
acceptable in the specific tests.  
The testing results show that the acoustic wave 
velocity anisotropy indices of rock cores in wells 
Gu87 and Gu88 are 16.3% and 7.6%, respectively, 
both of which are larger than the allowable value of 
3%. The difference of phase angle between the 
maximum and minimum velocities is around 90 in 
the sinusoidal curves. The testing results are proven to 
be reliable in these two wells. The results also  
 
Table 1 CVA testing results of rock cores in wells Gu87 and Gu88. 
Well Measuring depth (m) Angle interval () Diameter (mm) Travel time (µs) Acoustic wave velocity (m/s) CVA index, A (%) 
Gu87 1 938.2 
0 
79 
18.8 4 202 
16.3 
15 19.6 4 031 
30 20.0 3 950 
45 20.8 3 798 
60 21.2 3 726 
75 20.8 3 798 
90 20.0 3 950 
105 19.2 4 115 
120 18.6 4 247 
135 18.2 4 341 
150 18.0 4 389 
165 18.4 4 293 
Gu88 1 930.31 
0 
79 
15.6 5 064 
7.6 
15 15.8 5 000 
30 16.0 4 938 
45 16.4 4 817 
60 16.4 4 817 
75 16.2 4 877 
90 16.0 4 938 
105 15.8 5 000 
120 15.6 5 064 
135 15.2 5 197 
150 15.2 5 197 
165 15.4 5 130                
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(a) Well Gu87. 
 
 
 
 
 
 
 
 
 
 
(b) Well Gu88. 
Fig.3 CVA testing results of rock cores. 
 
illustrate that the acoustic wave velocity anisotropy is 
caused by in-situ stresses, which can be used to 
determine the direction of in-situ stresses.  
It is very easy to distinguish the acoustic wave velocity 
anisotropy caused by non-tectonic stresses [11]. If any 
judgment criterion is not satisfied, the anisotropy is 
considered to be induced by non-tectonic stresses, as 
shown in Fig.4. Comparing the curve of CVA testing 
results caused by in-situ stresses to that caused by 
non-tectonic stresses, the testing points of the latter 
scatter in the lattice, and the fitting curve is irregular. 
 
 
 
 
 
 
 
 
 
 
Fig.4 CVA testing results of rock cores caused by non-tectonic 
stresses. 
 
 
4  Conclusions 
 
(1) Long-term tests and applications indicate that 
the CVA caused by in-situ stresses is regular while the 
CVA caused by non-tectonic stresses is irregular.  
(2) According to the distribution of CVA and proper 
testing method, the reliability of testing results can be 
evaluated from the following aspects: (i) The testing 
curve is described as a sinusoidal one in a two- 
dimensional Cartesian coordinate system, in which the 
horizontal axis is the phase angle and the vertical axis 
is the acoustic wave velocity. (ii) The acoustic wave 
velocity anisotropy index A is bigger than 30%. (iii) 
The phase angle difference between the maximum and 
minimum velocities should be close to 90. These 
principles can evaluate the reliability of testing results 
and ensure the results precisely. 
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